Tapentadol is a novel pain reliever with apparently synergistic dual mechanisms of action, capable of addressing both nociceptive and neuropathic components of chronic pain. As an effective analgesic with good tolerability, tapentadol may be appropriate for patients suffering from severe chronic pain associated with low back pain (LBP) or osteoarthritis (OA). Efficacy studies of tapentadol in populations of patients with severe chronic LBP or OA pain suggest that tapentadol is non-inferior to oxycodone. Its tolerability, especially with respect to gastrointestinal (GI) side effects, may be better than that of other strong opioids in clinical trials and analyses of multiple trials. Patient satisfaction with tapentadol extended release for chronic noncancer pain syndromes is good. Although tapentadol has an opioid component with abuse liability, it appears to be a difficult opioid for tampering with less appeal to abusers than other opioids. For patients with severe LBP and OA pain, tapentadol appears to hold promise as a safe, effective therapeutic option.
INTRODUCTION
More people in the US suffer from chronic pain than have diabetes, all cancers, and acquired immune deficiency syndrome (AIDS) combined. Altogether, 64.7 million Americans contend with those major diseases (diagnosed diabetics 29 million [1] , all cancers 14.5 million [2] , and HIV/AIDS 1.2 million [3] )-far fewer than the US chronic pain population of 100 million [4] . In fact, the chronic pain population exceeds the population of 84 million Americans living with some form of cardiovascular disease (heart disease, stroke, sudden cardiac arrest, and so on) [5] . Despite its ubiquity, chronic pain has become the invisible epidemic, such that chronic pain patients often suffer in silence while clinicians wrestle with controversies surrounding the prolonged use of analgesics to treat chronic, noncancer pain. For those patients with severe chronic noncancer pain, options may seem limited. Indeed, clinicians who treat patients in severe pain may be reticent to prescribe strong pain relievers because of legal, regulatory, or societal concerns [6, 7] . The Centers for Disease Control and Prevention (CDC) recently issued guidelines regarding opioid prescribing that advocated conservative use of opioid analgesics for chronic noncancer pain; there is concern among some clinicians that these guidelines may limit noncancer pain patients' access to opioid analgesia [8, 9] . As the role of opioid analgesics in the treatment of severe chronic noncancer pain remains controversial, chronic pain patients may become resigned to their suffering out of their inability to deal with an unhelpful healthcare system. For its part, the national media seems more interested in raising awareness about opioid addiction than the undertreatment of chronic pain in millions of Americans [10] . This creates a conundrum for the clinicians on the frontlines who treat patients with chronic, severe noncancer pain.
The purpose of our review is to consider tapentadol as an analgesic that can help to manage patients who present with severe chronic pain associated with either low back pain (LBP) or osteoarthritis (OA), the two most common chronic pain syndromes in the US [11] . According to the Centers for Disease Control and Prevention (CDC), about 25% of American adults have arthritis, and this number has increased about 20% since 2002 [12] . This article is timely, if not altogether overdue, because the population of patients with severe LBP or severe chronic pain from OA is large and likely to increase markedly in the coming years with the inversion of the age pyramid, more people surviving once deadly and debilitating diseases, and the growing prevalence of obesity. Obesity nearly doubles the rate of arthritis: 16.9% of normal-weight or underweight adults have arthritis compared with 29.6% of obese adults [13] . By the year 2040, the Centers for Disease Control and Prevention (CDC) predict that 26% of the adult population ([ 18 years) will have doctor-diagnosed arthritis, of whom two-thirds will be female [14] . A subset of this rapidly growing chronic noncancer pain population will present with severe pain syndromes requiring strong analgesia and clinically appropriate and meaningful answers.
The introduction of tapentadol to the US market brought with it the recommendation that it be considered first in a new class of drugs tentatively described as MOR-NRI agents (lopioid receptor agonists and norepinephrine reuptake inhibitors) [15] . It has no official place on World Health Organization (WHO) pain ladder [16] as it is a newer product that was not on the market when WHO published its guidelines for cancer pain patients. Tapentadol is a unique product in that its dual analgesic mechanisms of action are combined in one molecule [17, 18] . In that way, it must be considered as an atypical opioid ( Fig. 1) . Tapentadol is effective in managing both nociceptive and neuropathic pain; it is approved for treating painful diabetic peripheral neuropathy and has been shown to be effective in treating other neuropathic pain [19] and phantom limb pain [20] . Tapentadol is available in immediate-release (IR) and prolonged-release (PR) formulations [21] , making it an important new product to consider in the treatment of severe chronic pain associated with LBP or OA.
REVIEW METHODOLOGY
The objective of our review was to review recent clinical trials, open-label studies, and metaanalyses of tapentadol with respect to its safety and efficacy, specifically in the populations of severe noncancer pain patients with cLBP or chronic OA pain. We searched the PubMed database for the broad keyword ''tapentadol'' for Fig. 1 Molecular structure of tapentadol, described as an MOR-NRI agent (mu-opioid receptor agonist and norepinephrine reuptake inhibitor) clinical trials and meta-analyses in the past 10 years and obtained 60 results. The authors eliminated articles dealing with animal studies, papers not available in English, and papers that studied populations other than patients with OA or cLBP (for example, acute pain or cancer pain). We also eliminated papers that were published prior to 2010 to focus on the latest research. This left 24 articles that were evaluated for this review. In addition, the references of these papers were also searched for other relevant support material that supplemented the article. Before reviewing the safety and efficacy of tapentadol for severe pain associated with cLBP and OA, a short review of the product, its mechanisms of action, and pain modulation are offered. This article is based on previously conducted studies and does not contain any studies with human participants or animals performed by any of the authors.
TAPENTADOL'S DUAL MECHANISMS OF ACTION
Tapentadol's two mechanisms of action both contribute to its analgesic effect. In a murine study, tapentadol showed agonist activity at the mu-opioid receptors, which was six times less potent than morphine in terms of G-proteincoupled inwardly rectifying K (GIRK) currents [22] . Tapentadol also inhibited the noradrenaline transporter with a similar potency as at the l-opioid receptor. These two mechanisms had an additive effect in the individual locus coeruleus (LC) neurons of the rat [22] . Another study in rats found acute administration of tapentadol inhibited LC neurons in vivo, suggesting that both noradrenergic and opioid systems contribute to the inhibitory effect tapentadol exerts on the LC neurons [23] .
It appeared that the antihyperalgesic activity of systemic tapentadol in mice occurred because of opioid spinal-suprapsinal synergy and intrinsic spinally mediated l-opioid-receptor and norepinephrine reuptake inhibitor synergy [24] . In a rat model of neuropathic pain (spinal nerve ligation vs. sham surgery), tapentadol elevated spinal levels of norepinephrine [25] . Spinal noradrenaline likely plays a role in the descending pain inhibitory path and the modulation of nociceptive signals at the spinal level. In other preclinical studies, tapentadol increased noradrenaline levels but did not have the same effect on serotonin levels [26] . Morphine, on the other hand, slightly decreases the levels of both noradrenaline and serotonin [26] . This suggests that the noradrenergic component of tapentadol contributes to its analgesic mechanisms.
In a study to investigate how these two mechanisms of action interact, dose-response curves were generated in two pain models of rats (tail flick and spinal nerve ligation) for tapentadol with and without naloxone or yohimbe [an a (2) -adrenoceptor antagonist] [27] . The dose-effect relationship was compared according to the l-opioid-receptor agonism, noradrenaline inhibition, and unblocked tapentadol. Tapentadol was shown to produce clear dose-dependent antinociception (analgesia) in both pain models in rats, and the doseeffect curves were shifted by both antagonists, which helped to differentiate the effect of lopioid-receptor agonism versus noradrenaline inhibition. Isobolographic analysis showed a marked synergistic interaction between these two mechanisms of action [27] .
PHARMACOKINETICS OF TAPENTADOL
Tapentadol is rapidly absorbed with absolute oral bioavailability of approximately 32% after a single dose for tapentadol IR 86 mg (mg) [95% confidence interval (CI) 29.4-34.8%, n = 24] and 32% (95% CI 28.0-35.9%, n = 18) for tapentadol PR 86 mg [28] . When tapentadol PR was compared with tapentadol IR (both doses 86 mg), tapentadol PR exhibited a lower C max value (22.6 ng/ml vs. 64.2 ng/ml), longer time to C max (5.0 vs. 1.5 h), higher half-value duration (12.5 vs. 3.6 h), and longer mean residence time (10.6 vs. 6.0 h) [28] .
The major metabolic pathway for tapentadol is conjugation with glucoronic acid to produce glucuronides; the major metabolite is tapentadol-O-glucuronide [28, 29] . None of the metabolites appear to contribute to the analgesic action. In a pharmacokinetic study of tapentadol PR (polyethylene-oxide-based tablets) of doses ranging from 50 to 250 mg in healthy subjects, maximum concentrations (C max ) were typically observed 5 h after dosing with terminal half-life values ranging from 4.4 to 5.9 h [30] . Trough concentrations increased during repeat dosing and achieved a steady state after the third dose. When tapentadol PR 250 mg was consumed with a high-fat meal, C max and the area under the concentration-time curve (AUC) increased by an average of less than 17%. Thus, tapentadol PR can be considered to have consistent pharmacokinetic parameter values after single and repeated dosing and may be administered with or without food [30] .
DESCENDING PAIN CONTROL
Pain perception is governed by multiple modulatory systems that are able to control how a noxious stimulus is ''translated'' into a painful sensation. Pain transmission is conducted along afferent ''ascending'' pathways and modulated by efferent ''descending'' pathways, which may be inhibitory or facilitating. An important surrogate for endogenous pain control is conditioned pain modulation (CPM), which essentially defines the body's own ability to inhibit a pain signal along descending pathways. CPM can be used as a surrogate biomarker in studies of healthy adults by applying a nociceptive stimulus on one part of the body and, at the same time, applying a secondary, conditioning, tonic nociceptive stimulus remote from that primary site. In healthy individuals, the conditioning stimulus inhibits the sensation of pain from the primary site [31, 32] . In a study of healthy volunteers, subjects were administered tapentadol IR formulation 100 mg, morphine IR 40 mg, or placebo, and the results were obtained at 60-90 and 120-150 min after ingestion. CPM was detectable in patients treated with tapentadol or placebo, with mean treatment differences of tapentadol compared with morphine of 18.2% (95% confidence interval 3.4-32.9%) and 19.5% (95% confidence interval 5.7-33.2%) at 60-90 and 120-150 min, respectively (p = 0.001).
Morphine in this study appeared to affect CPM, while neither tapentadol nor CPM affected this endogenous system [33] .
TAPENTADOL'S EFFICACY IN TREATING SEVERE PAIN ASSOCIATED WITH CLBP OR OA
The long-term use of opioids for managing severe pain from cLBP or chronic OA are not thoroughly studied, and the scope and logistic involved in conducting such broad long-term studies make them unlikely. However, the short-term use of opioids in the treatment of chronic pain has been studied in trials of sound design and provides good evidence of analgesic efficacy. In an update of a Cochrane database review first published in 2007 [34] , Chaparro and colleagues compared 15 trials of opioids versus placebo for cLBP (15 trials, n = 5540). In six trials, tapentadol among other ''strong opioids'' (oxycodone, oxymorphone, morphine, hydromorphone) was better than placebo for controlling pain and improving function [35] . Below are summaries of individual clinical trials and pooled analyses or meta-analyses that examined the use of tapentadol for severe pain associated with cLBP or chronic OA.
Clinical Trials

Head-To-Head Clinical Trials
The following trials evaluated tapentadol and oxycodone or an oxycodone product (oxycodone/naltrexone fixed-dose combination product) for noninferiority. The comparisons were not sufficiently powered to make direct comparisons for judging superiority.
Patients with severe chronic low back pain (cLBP) with a neuropathic component (n = 258 in the safety set, 256 in the full analysis set) were randomized into a tapentadol group (50 mg of tapentadol PR twice a day) or oxycodone/naloxone PR group (10/5 mg twice a day) [36] . Patients were titrated over a 21-day period (maximum doses achieved were 250 mg of tapentadol PR and 40/20 mg oxycodone/naloxone), and then that dose was maintained over 9 weeks. The primary endpoint was the effectiveness of the drug in reducing pain over baseline (as measured on an 11-point scale). Tapentadol PR was found to be noninferior to oxycodone/naloxone [an upper limit \ 1.3 was needed to establish noninferiority, a 97.5% repeated confidence interval (-1.820 to -1.084, p \ 0.001), and pain scores using painDETECT, and the Neuropathic Pain Symptom Inventory showed significantly greater reduction with tapentadol PR versus oxycodone/nalxoone PR (p B 0.005 for all)]. Adverse events from studies described here appear in Table 1 . Tapentadol PR was associated with a 40% lower rate of constipation than oxycodone/naloxone [37] .
Tapentadol PR significantly reduced average pain intensity from baseline to week 12 versus placebo in a study of patients with moderate-tosevere chronic pain associated with knee OA (n = 1023) [38] . Oxycodone CR likewise reduced pain significantly versus baseline throughout the maintenance period but not at week 12. Significantly more tapentadol than placebo patients achieved a 50% or greater improvement in pain intensity (32.0% vs. 24.3%, p = 0.027); the converse was true for oxycodone, where significantly fewer oxycodone patients achieved C 50% pain relief than placebo at 12 weeks (17.3% vs. 24.3%, p = 0.023) [38] .
In an active-and placebo-controlled, doubleblind study of tapentadol PR versus oxycodone to treat chronic LBP (including but not limited to severe pain), tapentadol significantly reduced the average pain intensity compared with placebo at week 12 (p \ 0.001) and throughout the 12-week maintenance period (p \ 0.001), as did oxycodone CR (p \ 0.001 for both); there was no significant difference in effectiveness between agents [39] .
A post hoc analysis was conducted of two multicenter, randomized, double-blind trials of tapentadol IR to oxycodone IR in patients with moderate-to-severe pain from OA [40] . One study was conducted over 10 days and found tapentadol patients had greater pain relief and tolerability (PRT) than oxycodone patients (the difference was only significant for the 50-mg formulation). In a 90-day trial, tapentadol IR had a significantly higher proportion of days meeting PRT criteria than oxycodone IR.
Open-Label Studies
In a study of patients with severe chronic low back pain (cLBP) with a neuropathic component treated with tapentadol PR 300 mg/day showed significant improvements in pain control, better relief of neuropathic symptoms, and improved quality of life over baseline. Treatment-emergent adverse effects in this study were B 5.1% [41] .
In an open-label study of patients with severe chronic knee pain due to OA (n = 82), tapentadol PR (50-250 mg twice a day) was more effective than other WHO step III ''strong opioids'' in patients who had previously responded to the latter; the responder rate to tapentadol PR was 94.3% at 6 weeks with a mean total daily dose of 232.7 ± 145.37 mg [42] .
In an open-label phase IIIb clinical trial of 136 patients with severe cLBP, tapentadol PR 50-250 mg provided at least comparable pain relief to other strong opioids, and patients taking other opioids could be successfully converted to tapentadol [43] . In that study, patients taking tapentadol PR achieved significant improvements in pain relief over baseline in both pain intensity and neuropathic symptoms at weeks 6 and 12 (p \ 0.05).
A phase IIIb clinical trial evaluated patients with severe chronic knee OA that could not be adequately managed with WHO step I or step II analgesics [44] . In this open-label trial, patients were titrated over 5 weeks on tapentadol PR (50-250 mg twice daily) and then maintained for 7 weeks with tapentadol IR 50 mg permitted throughout the study (no more than twice daily and at least 4 h apart). Pain intensity was measured at baseline and then at the end of the study based on an 11-point rating scale. The mean change from baseline to week 6 in pain intensity was -3.4 (2.10, p \ 0.0001) for the 195 patients evaluated. Further, significant decreases in pain intensity occurred at weeks 6, 8, and 12 (p \ 0.0001, for all). Pooled Data and Meta-Analyses Four randomized clinical trials (n = 4094 patients total) of patients with OA or back pain treated with tapentadol were analyzed. When compared with oxycodone, tapentadol reduced pain by an additional 0.24 points on a 0-10 pain scale compared with oxycodone (95% confidence interval 0.43-0.05) and was associated with a 50% risk reduction of discontinuation of treatment because of adverse events (95% confidence interval 42-60%). Thus, overall, tapentadol ER could be associated with greater reduction in pain intensity compared with oxycodone or placebo and had a better safety profile and greater tolerability than oxycodone [45] . Data were pooled from four 15-week phase III studies comparing tapentadol PR with an active comparator in patients with either moderate-to-severe chronic OA of the knee, LBP, or painful diabetic peripheral neuropathy (DPN). The combined results found that tapentadol PR (100-250 mg twice daily) was effective in controlling moderate-to-severe knee OA pain, LBP, and diabetic peripheral neuropathy, with relief comparable to that provided by oxycodone CR (20-50 mg twice daily) for chronic knee OA and LBP. Results were durable over 1 year, and tapentadol PR was associated with greater tolerability, particularly for gastroinestinal adverse effects [46] .
A pooled analysis from three randomized, double-blind phase II studies comparing tapentadol PR with an active comparator for moderate-to-severe chronic knee OA or LBP (n = 2968 and 2974 patients for efficacy and tolerability, respectively) found that 100-250 mg twice daily of tapentadol ER was The first number refers to results at week 1 treatment with tapentadol extended release; the second number refers to results at 12 weeks dpn Diabetic peripheral neuropathy patients only, NA not applicable to this study/paper, O oxycodone controlled release, OE opioid-experienced patient population, Wk weeks, W1 week 1 when, in this study, patients were taking another WHO step III strong opioid well tolerated and provided similar pain relief as that of oxycodone CR but with better gastrointestinal (GI) tolerability [47] . In a systematic review of trials comparing tapentadol to other agents for treating severe chronic pain, tapentadol was significantly better in relieving pain intensity, achieving levels of 30% and 50% pain relief, improving patient global impression of change, and enhancing quality of life when compared directly with oxycodone [48] . A pooled analysis of four 15-week phase 3 studies of tapentadol PR in the treatment of moderate-to-severe chronic pain associated with a variety of conditions (OA, LBP, and diabetic peripheral neuropathy) found tapentadol PR at doses of 100-250 mg was associated with effective analgesia and good tolerability with lower rates of discontinuations and adverse events than oxycodone CR 50-250 mg [46] .
In a pooled analysis (three randomized double-blind trials, n = 2968 for efficacy, n = 2974 for safety) of patients with moderate-to-severe chronic pain associated with LBP or OA, tapentadol ER (100-250 mg twice daily) provided similar pain relief and tolerability as oxycodone CR (20-50 mg) over 3 weeks (titration) followed by 12 weeks (maintenance). Tapentadol and oxycodone effectiveness was similar regardless of baseline pain intensity levels, prior opioid experience, gender, or body mass index (BMI) [47] .
Effectiveness in Treating Neuropathic Pain
Neuropathic pain occurs in the setting of cLBP at a rate of 65-77% [49] , but not all clinical trials of tapentadol for cLBP evaluated its specific effectiveness in treating the neuropathic component of cLBP. Indeed, the neuropathic pain contribution to the more severe forms of cLBP may be underdiagnosed and thus go untreated [50] . Since neuropathic pain involves both the ascending and descending (noradrenergic) pain pathways, opioids may be ineffective in that they modulate pain solely via the ascending pain pathways [51] [52] [53] . Thus, the noradrenergic activity of tapentadol could be thought to contribute to neuropathic pain control. In a head-to-head comparison study of tapentadol PR compared with oxycodone/naloxone PR, the painDETECT score of pain control at 9 weeks versus baseline showed that tapentadol patients achieved significantly greater neuropathic pain relief than the oxycodone/naloxone patients (p = 0.002). Both groups achieved significant neuropathic pain relief over baseline, but the neuropathic pain reduction was significantly greater in the tapentadol group [37] .
Although not a study of LBP or OA patients, a randomized-withdrawal, placebo-controlled trial of 588 patients with painful diabetic neuropathy exhibits the potential effectiveness of tapentadol in controlling neuropathic pain. Patients enrolled in this study were dissatisfied with their current pain treatment (opioid and nonopioid), had an average pain intensity score of C 5 on an 11-point numerical rating scale, and C 3-month use of an analgesic to manage their neuropathy [54] . Upon entering the study, patients were titrated to an optimal dose of tapentadol PR (100-250 mg) in an open-label phase of 3 weeks. Patients who achieved at least a one-point reduction on the pain scale (n = 395) advanced to the randomization phase where they were assigned either placebo or an optimal fixed dose of tapentadol extended release for 12 weeks. The tapentadol ER group showed significantly improved pain scores over baseline compared with placebo (p \ 0.001), and 60.5% of patients had C 30% improvement in pain intensity over the open-label phase.
Quality of Life
Quality of life (QoL) is an important metric for any long-term therapy and is particularly relevant to patients, although QoL data are not always reported for chronic pain treatments. In a study of severe cLBP patients randomized to compare tapentadol PR versus oxycodone/naloxone PR, QoL scores were analyzed using the SF-12 summary and domain scores. In both groups, there were significant improvements in QoL at 9 weeks compared with baseline, but the tapentadol PR group had significantly greater QoL improvements than the oxycodone/naloxone group at 9 weeks for the mean physical component score and six domain scores [36] .
A noninterventional prospective study (n = 3134) of patients with various types of severe chronic pain (82% had low back pain) found tapentadol PR was effective in various pain syndromes for patients who had previously been administered strong opioids [55] . All of the patients included in this study opted to change from another opioid agent to tapentadol. The most common reasons for wanting to switch from another opioid to tapentadol was found to be inadequate analgesia (91%) and reduced QoL (70%) [55] .
Productivity and Function
Using clinical trial data for pain outcomes in a study of tapentadol PR versus oxycodone controlled release (CR) versus placebo, a validated methodology was employed to assess differences in at-work productivity among the groups. Based on an assumed annual salary of $100,000 per participant, it could be imputed that patients taking tapentadol ER or oxycodone CR had improved productivity compared with placebo patients (1.95% for tapentadol ER vs. 1.51% placebo, p = 0.001 or 1.96% for oxycodone CR vs. 1.40% for placebo, p \ 0.001) [56] . The mean net savings per subject were calculated to be $450 (p \ 0.01) for tapentadol ER compared with placebo or $560 (p = 0.001) for tapentadol ER compared with oxycodone CR.
LONG-TERM TAPENTADOL THERAPY
The role of long-term opioid therapy for cLBP remains controversial. Moderate-to-severe chronic noncancer pain may be treated effectively by opioids, but high-quality evidence is limited for the long-term efficacy and tolerability of opioids in these populations [57, 58] . Tapentadol PR has been reported in the literature to be safe and effective in chronic noncancer pain patients treated up to 3 or 4 months [38, 39, 44, 59, 60] , and it was reported to be well tolerated and effective in patients with chronic OA or cLBP for up to 2 years [61] . In the initial 1-year phase of this study, 22.1% of tapentadol PR and 36.8% of oxycodone CR patients experienced treatment-emergent adverse events (TEAEs) that led to discontinuation of the study drug. Indeed, the overall incidence of several TEAEs favored tapentadol PR over oxycodone CR: overall GI effects (8.6% vs. 21.5% for tapentadol PR versus oxycodone CR, respectively), nausea (3.4% vs. 12.1%), constipation (1.6% vs. 7.2%), and vomiting (2.6% vs. 6.7%) [61] . In another long-term tolerability study of tapentadol PR, pain relief occurred within about 4 weeks of onset of treatment and remained durable for 2 years [62] , suggesting that patients did not acquire tolerance to tapentadol PR [63] .
A panel of pain experts convened in Europe to discuss tapentadol PR after it had been on the market for 5 years and been used to treat over 4 million patients globally [64] . Long-term safety and tolerability of tapentadol therapy for patients with moderate-to-severe hip or knee OA or cLBP could be confirmed for up to 1 year. Thus, pain control with tapentadol offered durable relief with no evidence of acquired tolerability over time [64] .
SAFETY
Opioid-associated side effects can limit treatment, cause morbidity, and distress patients. Because opioid-associated side effects are dose related, tolerant patients who need high doses of opioid analgesics are at elevated risk for such adverse events. Tapentadol's tolerability holds promise for lowering side effect rates in the long-term setting of chronic pain [17, 65] . Tapentadol may provide a favorable efficacy-toside-effect ratio that may benefit those being treated for severe chronic pain [66] . See Table 1 for an overview of tapentadol-associated adverse events.
In a quantitative systematic review of nine clinical trials (n = 7948) of tapentadol or oxycodone, the risk of several typical opioid-associated adverse events was lower with tapentadol than oxycodone (risk ratios for tapentadol were 0.61 for nausea, 0.50 for vomiting, 0.47 for constipation, 0.86 for dizziness, 0.76 for somnolence, and 0.46 for pruritus) [67] . However, tapentadol conferred a higher risk of dry mouth and dyspepsia compared with oxycodone. In the safety portion of a noninterventional study of severe chronic pain patients (n = 3222) switched from a strong opioid to extended-release tapentadol, adverse events were reported in 6.7% of patients (446 total adverse drug reactions) [55] . The majority of these adverse events (91%) were considered not serious, and no lifethreatening AEs occurred.
In the safety analysis of a study of severe chronic pain patients with knee OA (n = 54), patients at week 1 were taking a ''strong opioid'' (not tapentadol) and by week 12 had completed a course of tapentadol PR [42] . Many adverse events decreased during the tapentadol phase (nausea from 46.0% to 24.1%, constipation from 31.7% to 7.4%, dry mouth from 17.5% to 5.6%, fatigue from 17.5% to 7.4%, dizziness from 12.7% to 9.3%, pruritus from 4.8% to 0, and vomiting from 3.2% to 0). A few of the adverse events in this study increased: vertigo from 4.8% to 5.6%, gastritis from 3.2% to 3.7%, and insomnia from 1.6% to 3.7%. In this study, 55.6% of patients took concomitant medications to treat adverse events for either tapentadol or their previous opioid agent [42] .
Multiple studies have reported that tapentadol PR has lower rates of nausea, vomiting, dizziness, and constipation compared with oxycodone [38, 39, 59, 61] and morphine [68] . For example, the odds of a patients with moderate-to-severe cLBP experiencing constipation or the composite endpoint of nausea and vomiting was significantly lower for tapentadol ER than oxycodone CR (p \ 0.001) [39] .
Gastrointestinal (GI) Side Effects
With respect to other strong opioids, tapentadol may have superior GI tolerability [48, [69] [70] [71] . A randomized, parallel-group, double-blind, placebo-controlled study of the acute effects of oral tapentadol versus oral oxycodone on gastric, small bowel, and colonic transit was conducted in 38 healthy volunteers. This study found oxycodone and tapentadol had significantly delayed gastric and small bowel transit time compared with placebo but not for colonic transit [72] . Tapentadol significantly delayed the gastric emptying half-life and small bowel transit but in a manner similar to that of oxycodone. Compared with oxycodone/naloxone PR, tapentadol was noninferior with respect to its impact on bowel function and had significantly lower rates of constipation and vomiting [37] .
Side effects such as nausea and vomiting are more prevalent in opioid-naïve than opioidexperienced patients, but these effects may subside over the course of a few days or weeks [73] . Nausea and vomiting are among the most common side effects of opioid therapy and are greatly disliked by patients [74] . The risk of nausea and vomiting varies among opioid analgesic agents; the elevated risk per drug exposure for adverse events was three to four times lower for tapentadol IR compared with oxycodone IR, and the risk per drug exposure of adverse events with oxycodone was, in turn, about 60 times lower than for oxymorphone [75] . In a double-blind study of end-stage joint disease patients, tapentadol IR was compared with oxycodone IR over a 14-day treatment period, showing better GI tolerability for tapentadol compared with oxycodone for nausea, vomiting, and constipation at comparable doses (tapentadol IR 50 or 75 mg versus oxycodone IR 10 mg) [76] .
In a long-term clinical trial of patients with chronic LBP or OA pain, patients received at least one dose of the study drug (tapentadol PR 100-250 mg) or oxycodone CR (20-50 mg) for up to 1 year. A total of 1117 patients received at least one dose of a study drug [61] . The overall rate of TEAEs was 85.7% vs. 90.6% in the tapentadol versus oxycodone groups, respectively. Discontinuation because of adverse events occurred in 22.1% vs. 36.8% of tapentadol versus oxycodone patients. Specifically, GI adverse events that led to drug discontinuation occurred in 8.6% (tapentadol) vs. 21.5% (oxycodone) of patients [61] .
In a randomized, double-blind, active-controlled, placebo-controlled, parallel-arm phase III study, TEAEs occurred in 75.9% of tapentadol PR patients compared with 87.4% of oxycodone CR patients, with a 61.1% rate for placebo patients [38] . Specifically GI-related TEAEs occurred in 43.0% of tapentadol, 67.3% of oxycodone, and 26.1% of placebo patients [38] .
In cLBP patients, tapentadol PR patients experienced fewer TEAEs than oxycodone CR patients (n = 981); GI adverse events (constipation, nausea, vomiting) occurred in 43.7% of tapentadol, 61.9% of oxycodone, and 26.3% of placebo patients [39] . In this study, tapentadol patients were significantly less likely to experience constipation or the composite endpoint of nausea and/or vomiting than oxycodone patients (p \ 0.001 both).
In a secondary post hoc analysis based on a questionnaire of patient-reported bowel function, patients treated for 10 (n = 518) or 90 days (n = 457) with tapentadol IR had less impairment in bowel function than those treated with oxycodone IR, including having a lower proportion of days without a bowel movement (p \ 0.05), less risk of hard stools (p \ 0.001), and less moderate-to-severe straining during a bowel movement (p \ 0.001) [77] . Moreover, tapentadol IR patients consumed less laxative during the study compared with patients taking oxycodone IR (p \ 0.001).
Tapentadol IR (50 and 75 mg) was superior in GI tolerability to oxycodone IR (10 mg) for commonly reported adverse events such as nausea, vomiting, and constipation. Patients in the tapentadol group had significantly more spontaneous bowel movements over a 14-day period (9.0 vs. 6.7, respectively) with significantly lower rates of nausea and vomiting [76] . In this study, results were similar with tapentadol IR and oxycodone IR as well as tapentadol PR and oxycodone CR.
In a post hoc analysis of a phase III 90-day double-blind, flexible-dose study comparing tapentadol IR 50 or 100 mg to oxycodone IR 10 or 15 mg (every 4-6 h, as needed), significantly fewer patients in the tapentadol group discontinued treatment because of constipation compared with oxycodone IR (1.5% vs. 5.9%, p = 0.0023). Likewise, significantly fewer tapentadol patients discontinued treatment owing to nausea and/or vomiting than those taking oxycodone (5.9% vs. 14.7%, p = 0.0003) [78] . Both treatment groups achieved similar levels of effective pain control.
Androgen Deficiency
Opioid-induced androgen deficiency (OPIAD) has been reported with long-term opioid exposure. From a total of three clinical studies with healthy subjects, tapentadol has less effect on sex hormone concentrations compared with pure opioid analgesics, morphine, and oxycodone. In a single-dose comparison study of tapentadol versus morphine, mean total testosterone concentrations at 6 h after dosing were comparable between placebo (8.6 nmol/l) and two doses of tapentadol IR, 43 mg (8.8 nmol/l) and 86 mg (9.3 nmol/l), but were reduced after 30 mg morphine IR (5.4 nmol/l) [79] . The dual mechanisms of action of tapentadol (l-opioid receptor and norepinephrine reuptake inhibitor) appear to contribute to this reduced impact on serum androgen concentrations compared with those agents, such as morphine, that act solely on the l-opioid receptor.
Sleep Disorders
Sleep and pain have an apparent but not yet fully elucidated relationship. In a noninterventional study of 3134 patients with severe chronic pain (majority LBP), tapentadol PR was reported to be associated with improved sleep quality. At the outset of this study, only 4.9% of patients reported they slept through the night, but at the end of the 3-month observation period, 23.5% slept all night without waking [55] . In a study of patients with severe chronic pain from knee OA (n = 63), patients taking tapentadol PR significantly increased the mean number of hours slept per night over baseline (6.6 h), resulting in 7.0 h of sleep per night at week 6 (p \ 0.05) [42] .
An interesting and clinically relevant ''pain relief/tolerability'' composite endpoint from a study by Merchant and colleagues evaluated outcomes as C 30% pain relief with no nausea, vomiting, or constipation and without discontinuations [80] . In a post hoc meta-analysis of three randomized, double-blinded clinical trials (n = 1977), at 12 weeks tapentadol PR patients were more likely to have achieved this composite endpoint than oxycodone CR patients (odds ratio 3.15, 95% confidence interval 2.47-4.00, p \ 0.001) [80] .
TAPENTADOL AND PATIENT SATISFACTION
Patient satisfaction is an increasingly important metric in modern patient-centric healthcare paradigms. In an open-label study by Steigerwald and colleagues, ''excellent'' patient satisfaction scores occurred in none of 62 patients at baseline (all taking a strong opioid other than tapentadol), but rose to 5.5% at 6 and 27.8% at 12 weeks. ''Excellent'' or ''very good'' patient satisfaction occurred in no patients at baseline, 54.6% at week 6, and 61.1% at week 12 [42] . The metric of ''overall improvement'' may be related to patient satisfaction. In a study of 378 acute pain patients, a greater overall improvement was reported with tapentadol IR compared with oxycodone IR, although pain intensity scores, patient satisfaction, and pain relief were statistically similar between groups [81] .
ABUSE LIABILITY OF TAPENTADOL
The nonmedical use of prescription analgesics is a problematic, widespread, and unintended consequence of their availability. Tapentadol is an ''atypical'' opioid, and, as such, appears to have an atypical abuse profile. To be sure, tapentadol is associated with physical and psychologic dependency in long-term use [82] . In a survey from the Researched Abuse, Diversion, and Addiction-Related Surveillance (RADARS) System College Survey Program (n = 13,514), nonmedical use of tapentadol IR occurred in 0.7% of patients; nonmedical use peaked in the fourth quarter of 2009 and declined over the next 2 years to 0.4% [83] . A database study found the risk of abuse was greater for oxycodone than tapentadol in patients who received a prescription opioid and were followed for 1 year [84] .
Tamper-resistant and abuse-deterrent formulations (ADFs) of opioid analgesics are growing in importance [85] [86] [87] . In a study of 25 experienced, healthy subjects who abused oxycodone CR formulation, subjects were asked to defeat tamper-resistant tapentadol PR and oxycodone CR products. Investigators evaluated the tampering behavior, drug desirability, and yield of active drug in solution [88] . Subjects found tampered oxycodone more desirable than tampered tapentadol and were able to extract significantly more active drug from the oxycodone than tapentadol products (37.02% vs. 3.52%, respectively, p = 0.008). Moreover, tampering with tapentadol took more time than manipulating oxycodone [88] .
TAPENTADOL USE IN SPECIAL POPULATIONS
Geriatric Patients
In general, geriatric patients may be administered tapentadol PR with no dosage adjustments [89] . The mean AUC (mean exposure) to tapentadol was shown in a study to be similar for geriatric patients (65-78 years of age) compared with younger patients (19-43 years), with maximum concentrations 16% lower in elderly versus younger patients [90] .
An analysis of pooled data from three similarly designed double-blind placebo-and activecontrolled trials of tapentadol PR versus oxycodone CR in 210 elderly patients (C 75 years) with severe cLBP or severe chronic knee OA found that both tapentadol ER and oxycodone CR resulted in significant pain reductions at 15 weeks compared with baseline (p = 0.0075), but there was no significant difference between tapentadol and oxycodone [91] . The rate of GI TEAEs was significantly lower in the tapentadol group than the oxycodone group (p B 0.0206); in this study, more oxycodone than tapentadol patients discontinued treatment.
A post hoc data analysis of 90-day randomized phase III, double-blind clinical trial data of 849 patients with moderate-to-severe LBP or OA pain administered either 50 or 100 mg of tapentadol IR or 10 to 15 mg of oxycodone IR every 4-6 h found that rates of constipation (19.0% vs. 35.6%) and nausea or vomiting (30.4% vs. 51.1%) were significantly lower with tapentadol IR than oxycodone IR in patients over age 65 years (p \ 0.05) [92] . Among the patients over age 65, fewer tapentadol IR patients discontinued therapy because of GI adverse events compared with oxycodone IR patients (15.8% vs. 24.4%, p = 0.190). Both analgesics provided similar effective pain relief, and no age-related differences in analgesic benefit were observed.
Treatment of all patients, but particularly geriatric patients, must take into account the potential risks imposed by polypharmacy. The reliable pharmacokinetic profile of tapentadol may offer particular advantages in this setting. Metabolized mainly by phase 2 glucuronidation, tapentadol has a low potential for interactions related to phase 2 metabolism. Tapentadol neither inhibits nor induces cytochrome P450 (CYP450) enzymes and has low plasma-protein binding (* 20%) and no metabolites [90] . Many analgesics, such as acetaminophen, acetylsalicylic acid, and naproxen, as well as other drugs such as omeprazole, may be administered concomitantly with tapentadol with no drug-drug interactions likely. However, pharmacodynamic drug-drug interactions may occur with the concomitant use of other central nervous system (CNS) depressants, including benzodiazepines, antipsychotics, opioids, alcohols, and antihistamines [89] .
Since geriatric patients suffer from higher rates of constipation than younger patients, generally due in part to age-related changes in anorectal physiology, opioid-induced constipation can emerge as a treatment-limiting side effect in this population [92] . For this reason, the lower rates of constipation observed with tapentadol, in general and in the elderly populations, is an important factor in analgesic selection.
Patients with Renal or Hepatic Dysfunction
Tapentadol has not yet been evaluated for use in patients with severely compromised renal or hepatic function [18] and thus should not be used in this population. Patients with mild hepatic dysfunction may be administered tapentadol PR with no dosage adjustments, but those with moderate hepatic impairment should be started at the lowest possible dose strength and should not be administered tapentadol more than once over a 24-h period [90] .
Hypertensives
In a study of 1464 chronic pain patients with hypertension who received either tapentadol PR, oxycodone CR, or placebo to manage their chronic knee OA or cLBP, tapentadol PR (100-250 mg twice daily) was not associated with any clinically meaningful changes in blood pressure or heart rate [93] .
CONCLUSION
Tapentadol is a novel agent about which much can still be learned. It appears to offer similar effectiveness in the treatment of severe chronic non-cancer pain syndromes associated with LBP and OA as oxycodone, but with better tolerability. Indeed, its lower incidence of side effects makes tapentadol a particularly promising drug in that long-term analgesic therapy can be compromised by adverse events. The abuse liability of tapentadol does not appear to be greater (and might be less) than that of other strong opioids. Tapentadol extended release is a promising new analgesic agent, in particular for treating chronic severe pain associated with LBP and OA. the work as a whole, and have given their approval for this version to be published.
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